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ABSTRACT 



Disclosed are: (1) an optical resin composition comprising 
Component A: a thiourclhane pre polymer compound pre- 
pared by reacting a polytbiol compound having at least 3 
functional groups and an intramolecular sulfide bond, with 
a polyisocyanate compound in a molar ratio of — SH to 
— NCO ranging from 3.0 to 7.0 Component B: at least one 
(meth)acrylate compound having at least 2 functional 
groups; and Component C: a compound radically polymer- 
izable with Components A and B, in 10 to 50% by weight, 
35 to 70% by weight, and 5 to 30% by weight, respectively; 
(2) a preparation process for an optical resin by photopoly- 
merization; (3) an optical resin; and (4) a prepolymer 
suitable for Component A. The composition is a novel, 
rapidly polymerizable composition for an optical resin. 
Furthermore, a resin prepared by curing the composition not 
only has a high refractive index and a high Abbe number, but 
also is excellent in transparency and optical homogeneity. 

15 Claims, No Drawings 
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OPTICAL RESIN COMPOSITION 
COMPRISING A TH IOURETHAN E 
PREPOLYMER AND USE THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an optical resin composition 
which can provide a resin with a high refractive index that 
is well-balanced in transparency, optical distortion, thermal 
resistance, tintability, impact resistance, and the like; an 
optical resin formed by polymerization and curing thereof; 
and an optical lens. 

2. Description of the Related Art 

Now, thermosetting optical resins and their monomers 
which are put to practical use for a lens for eyeglasses and 
the like can be substantially classified into two types; a 
polycondensation type represented by a thiourethane resin 
and a radical polymerization type represented by an acrylic 
or vinyl compound. 

A thiourethane resin has advantages such as a high 
refractive index and an excellent impact resistance, which 
has come into wide use as a resin for an optical use, mainly 
for an eyeglass lens. Since the resin is prepared by forming 
an urethane bond by means of a condensation reaction of a 
thiol with an isocyanate, it, however, takes a long time, e.g., 
more than 24 hours, to conduct polymerization while main- 
taining optical homogeneity. Therefore, a sulfur-containing 
urethane resin has excellent characteristics as a resin, but 
seems to remain to be improved in terms of productivity. 

On the other hand, a (meth)acrylate resin is excellent in 
productivity, because monomers can be rapidly polymerized 
via a radical reaction. In terms of its physical properties as 
a resin, it, however, has a deadly disadvantage, i.e., low 
impact resistance, and also its refractive index cannot be 
significantly improved, except some of those prepared from 
a thioacrylate. 

Likewise, a resin based on a polyene -poly thiol reaction 
can be formed with a high productivity because monomers 
can be rapidly polymerized via a radical reaction, while it 
has disadvantages such as a high volume shrinkage percent- 
age making a precise casting polymerization difficult. In 
addition, as for physical properties as a resin, it is generally 
brittle, which, of course, limits its applications. Furthermore, 
the refractive index of the resin can be improved by increas- 
ing a content of a thiol component in the monomer compo- 
sition. However, as the content of the thiol component 
increases, a resin prepared by polymerization increasingly 
becomes rubbery and thus cannot be used for an optical 
product. 

In brief, it can be said that there remain problems in 
productivity for a thiourethane resin having excellent physi- 
cal properties and in physical properties for a radical poly- 
merization type of resio with a high productivity. In order to 
reconcile the productivity (rapid polymerization) with 
physical properties, several procedures have been already 
reported for combining an urethane bond and a radical 
polymerization of a polyene, (meth)acrylate or thiol. 

For example, Japanese Patent Publication No. 29692/ 
1988 suggests a polymerizable composition comprising a 
pre polymer prepared from a polythiol compound and a 
poly isocyanate and a polyene compound, to resolve the 
problems of brittleness and the volume shrinkage percentage 
during polymerization for a resin made from only a polyene 
compound. It, however, discloses the composition for pre- 
paring a casting material mainly for electronic applicatioas, 
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but not for any optical use. Therefore, the composition 
cannot be used for an optical resin with a high refractive 
index required to be optically homogeneous. For example, 
among the isocyanates disclosed in the publication, tolylene 

s diisocyanate gives a resin insufficient in light resistance; the 
other aromatic isocyanates give ones insufficient in Abbe 
number; hexamethylene diisocyanate gives one with a low 
refractive index; and when a mere a p to carboxylate recom- 
mended as an optimal alternative in the publication is used 

j Q as a thiol compound, it gives a resin with a low refractive 
index, which is inappropriate to achieve an optical resin with 
a high refractive index. 

Furthermore the publication does not pay special attention 
to an equivalent ratio of SH to NCO groups, just indicating 

15 a range of 1.5 to 50. However, it is the equivalent ratio that 
is an important parameter determining properties of a 
pre polymer, and should be strictly controlled. Specifically, 
when the ratio is too low, a prepolymcr obtained may be 
highly viscous and thus cannot be mixed with another 

20 P°ly enc compound, whereas when it is too high, a resulting 
product may not be effective as a prepolymcr. In addition, it 
describes that a ratio between excessive SH group and an 
unsaturated group is generally 1:1, whereas the ratio should 
be a value in which the unsaturated group is sufficiently 

25 excessive to avoid a resin that tends to be rubbery. Thus, 
when a pre polymerized thiol is used for preparing an optical 
resin, the ratio between excessive SH group and an unsat- 
urated group should be fully appropriates. In summary, 
monomers and their ratio should be appropriately selected; 

3q otherwise it is not feasible to provide an optical resin with 
a high refractive index and a high Abbe number and having 
excellent hardness and impact resistance. 

Japanese Patent Laid-Open No. 199210/1988 and Japa- 
nese Patent Laid-Open No. 207805/1988 disclose prepara- 

35 lion of an optical resin by means of a radical polymerization 
of a polyene compouad having an urethane bond with a 
polythiol compound. However, in a reaction of a polyene 
with a polythiol, increase of a proportion of the polythiol 
may generally make a resin obtained rubbery. Thus, in order 

40 to provide a resin having adequate strength by means of 
reacting a polyene compound containing urethane bond with 
a polythiol, it is inevitable that the proportion of the poly- 
thiol in the entire resin should be considerably low. Conse- 
quently a resin obtained may have a low sulfur content, and 

45 therefore a resin with a high refractive index, about 1.6, 
cannot be prepared. 

Japanese Patent Laid-Open No. 25240/1993 discloses an 
optical resin composition with a high refractive index com- 
prising a mixture of a poly isocyanate and a polythiol as well 

50 as a radical-polymerizable unsaturated compound. It, 
however, pays no attention to an importance of prepolymer- 
ization. It is evident from the fact that the resin obtained has 
a low impact resistance, 21 g to 31 g, according to a 
dropping-ball test. To achieve an adequate effect of 

55 prepolymerization, simple blending of a poly isocyanate and 
a polythiol is not sufficient but definite conditions for 
reacting SH with NCO groups should be selected. 

The application specifies the ratio of SH to NCO groups 
to be 0.5 to 2. However, when a prepolymerization is fully 

60 conducted in such a ratio, a prepolymer obtained will be 
extremely viscous, and will not be subsequently mixed with 
a compound having an unsaturated polymerizable group. 
Therefore, the disclosed composition may be inevitably 
regarded as a simple mixture of an isocyanate, a thiol and a 

65 monomer having an unsaturated group. In such a case, the 
composition should be cured by simultaneously performing 
two different types of reactions, i.e., a radical reaction and an 
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uretbane condensation. Therefore, it is essential to strictly 
control tbc polymerization reaction to maintain a constant 
proportion of an uretbane bond in a resin obtained by the 
polymerization. In other words, depending on polymeriza- 
tion conditions, SH group may be completely consumed by 
a radical addition before completion of a slow reaction 
forming an u re thane bond. It is thus anticipated that the 
unreacted isocyanate consequently may remain in the resin 
obtained. Residual isocyanate group may cause significant 



compound, a component consisting of a (meth)acrylate 
compound having a particular structure and a component 
co-polymcrizable with these components, can be suitably 
used as a resin with a high refractive index, and is suitable 
for an optical lens; and that the composition can be cured by 
heating in a short time or by photo-polymerization with 
ultraviolet rays. 

This invention thus relates to an optical resin composition 



problems such as health problems for a resin-edging worker 10 comprising the following components A, B and C in 10 to 

- 50% by weight, 35 to 70% by weight, and 5 to 30% by 

weight, respectively: 

Component A: a thiourcthanc prcpolymer compound pre- 
pared by reacting a polythiot compound having at least 
3 functional groups and an intramolecular sulfide bond, 
with a poly isocyanate compound in a molar ratio of 
— SH to — NCO ranging from 3.0 to 7.0; 
Component B: at least one ( me th) aery late compound 

having at least 2 functional groups; 
Component C: a compound radically polymerizable with 

Components A and B. 
This invention also relates to an optical resin composition 
wherein the polythiol compound used for preparation of 
Component A is represented by the following formula (1) or 
(2): 



and adverse effects on a post -processing of a lens, e.g., 
inconsistencies in coating or dyeing. 

Furthermore, a little variation of polymerization condi- 
tions may cause varying a proportion among chemical bonds 
in the resin. In other words, if the polymerization conditions 1S 
are not adequately controlled, it is anticipated that physical 
properties of the resin product may vary. In addition, since 
different reactions simultaneously proceed during the 
polymerization, attention should be adequately paid to opti- 
cal strain and optical inhomogenity for the resin obtained by 20 
the polymerization. Moreover, a mold releasing agent may 
be needed because of an urethane condensation reaction 
during a casting polymerization. 

Japanese Patent Laid-Open No. 228659/1995 discloses a . 
polymerizable composition comprising a mixture of a poly- 25 
thiol and a poly isocyanate as well as a compound having 
both hydroxy 1 or me reap to group and an unsaturated group 
such as (meth)acrylic group. A polythiol having a high sulfur 
content as illustrated in the reference can be used to prepare 
a resin having a high refractive index. However, the refer- 30 
ence does not unambiguously suggest a prepolymerization, 
which indicates that still the polymerization reaction should 
be strictly controlled. Furthermore, since the monomer hav- 
ing an unsaturated group has also thiol or hydroxy! groups, 
a resin obtained may have a high thermal resistance, but a 
reduced tint ability. 

SUMMARY OF THE INVENTION 
Objectives of this invention are; 

(1) to make it possible to prepare a resin by means of 
polymerization using heat and/or light with a high produc- 
tivity in a short lime 



CH 3 SCHjCH^SH 

CH — SCHjCHjSH 
CH 2 — SH 



0) 



(2) 



35 



HSH 2 C 
HSH2CH2CS — HC 



CH,SH 
I 

CH — SCH2CH2SH 

I I 

HjC — S — CH 2 



an optical resin composition wherein Component B com- 
prises a compound represented by the following general 
formula (3): 



(3) 



HjC = C— C -4 O — CH 2 - CHj-hr o 



-4 CH 2 — ch 2 — o -hr c — C= CH 2 
O Ri 



(2) to prepare a resin with a high refractive index; 
excellent transparency, thermal resistance, tintability and 55 
impact resistances and with extremely little optical strain or 
inhomogenity; 

(3) to readily produce a lens with a reduced amount of 
residual monomers in a constant quality; 

that is, to provide an optical resin excellent in physical 60 
properties and productivity; an optical resin composition 
therefor; and a lens therefrom. 

The inventors have intensively attempted to achieve the 
above objectives, and discovered that a resio formed by 
polymerizing and curing a composition comprising a com- 65 
ponent obtained from prepolymerization of a polythiol com- 
pound having a particular structure with a polyisocyanate 



wherein R } represents hydrogen atom or methyl group; 
R 2 represents — CH 2 — , —C(CH 3 ) 2 ~ or — SO z — ; both 

m and n are an integer between 0 and 4; and m+n is 0 

to 4; 

an optical resin composition wherein Component C is 
selected from the group consisting of divinylbenzene, 
diisopropenylbenzene, styrene, ring-substituted styrenes, 
monofunctional (meth)acrylate compounds; and 

an optical resin and an optical lens with a high refractive 
index (nd) of at least 1.58, prepared by polymerizing and 
curing each of the above different compositions. 

The composition of this invention is one which can be 
cured with heat or ultraviolet rays in a short time, and whose 
curing can provide an optical resin with a high refractive 
index and that is well-balanced in transparency, optical 
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strain, thermal resistance, I io lability, impact resistance and 
the like; and an optical lens having excellent properties. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
This invention will be detailed below. 5 
A composition for an optical resin comprises; 
10 to 50% by weight of Composite A, i.e., a thiou ret bane 
prepolymer compound prepared by reacting a polythiol 
compound having at least 3 functional groups and an 10 
intramolecular sulfide bond, with a potyisocyanate com- 
pound in a molar ratio of — SH to — NCO ranging from 30 
to 7.0; 

35 to 70% by weight of Component B. i.e., at least one 
(meth)acrylate compound having at least 2 functional 15 
groups; and 

5 to 30% by weight of Component C, i.e., a compound 
radically polymerizable with Components A and B. 

The polythiol compound used in preparation of Compo- 
nent A preferably has a high refractive index and a low 20 
viscosity because it is used as a thiourethane prepolymer 
compound, and also is preferably a polythiol having at least 
3 functional groups to ensure thermal resistance in a resin 
obtained. For this purpose, a suitable polythiol may be 
selected from polythiol compounds having 3 functional 25 
groups wherein a refractive index is improved by means of 
an intramolecular sulfide bond, such as 2-mercapto-3- 
thiahexane-l,6-dithiol, 5,5-bis(mercaptomethyI)-3,7- 
dithianonane-l,9-dithiol ( 2,4,5-tris(mercaptomethyl)-l,3- 
dithiorane, 5-(2-mercaptoethyl)-3,7-dithianonane-l,9- 30 
dithiol and the above compound represented by formula (1) 
or (2), more preferably the above compound represented by 
formula (1) or (2). 

The polythiol compound represented by formula (1) can 
be readily prepared as described in Japanese Patent Appli- 35 
cation Laid -Open No. 270859/1990, i.e., a process compris- 
ing reaction of an epibalohydrin with 2-mcrcaptoethanol and 
then with thiourea. 

The polythiol compound represented by formula (2) can 
be readily prepared as described in Japanese Patent Appli- 40 
cation La id -Open No. 252207/1995 i.e., a process compris- 
ing reacting epichlorohydrin with 2-raercaptoethanol and 
reacting the resulting diol with sodium sulfide to give a 
tetraol compound, which then reacts with thiourea in hydro- 
chloric acid and hydrolyzed by aqueous ammonia. 45 

The polyisocyanate compound used in preparation of 
Component A can be selected, without limitations, from 
compounds having at least two intramolecular isocyanate 
groups which can react with a thiol group; for examples 
aliphatic and a 1 icy cite polyisocyanates such as hexamethyl- 50 
enediisocyanale (HDI) xylylenediisocyanate (XDI), a,a,a', 
a'-tetramethylxylylenediisocyanate (TMXDI), isophorone- 
diisocyanate (IPDI), hydrogenated XDI (H— XDI), 
hydrogenaled MDI (H— MDI) and norbornenediisocyanate 
(NBDI); and aromatic polyisocyanates such as 4,4'- 55 
diphenylmethanediisocyanate (MDI), 1,5- 
naphlhylenediisocyanate (NDI) and tolidinediisocyanate 
(TODI). The isocyanate may be one which has been sub- 
jected to a modification such as trimerization or polymer- 
ization in the light of improvement of physical properties of 60 
a final resin product. 
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Given weather resistances Abbe number and the like of a 
resin obtained, among these isocyanale compounds, ali- 
phatic and alicyclic compounds are preferable and also in 
the light of a refractive index of the resin, XDI, NBDI, 
TMXDI, H — MDI and the like are most preferable. 

Component A is a thiourethane prepolymer compound 
prepared by reacting the above polythiol compound with the 
above polyisocyanate compound in a molar ratio of — SH/ — 
NCO ranging from 3.0 to 7.0, preferably 3.5 to 6.5, more 
preferably 4.0 to 6.0. If the molar ratio of — SH/— NCO is 
less than 3,0, a prepolymer obtained may be too viscous to 
be easily treated, and in an extreme case, cannot be blended 
with other monomer compounds or may embrace crystals. If 
the ratio of — SH/— NCO is higher than 7.0, a concentration 
of thiourethane bond in a prepolymer obtained may be too 
low to achieve an adequate effect of the prepolymer forma- 
tion in a final cured product. A polythiol can reacted with a 
polyisocyanate compound according to, for example, a 
known urc thane-formation reaction, which is preferably 
conducted under an inert gas atmosphere, at a temperature 
higher than 40° C, for an adequate period, in the presence 
of a catalyst such as tin compounds, e.g., dibutyltin dilaurate 
and dibutyltin dichloride, amines, e.g., N,N- 
dimethylcyclohexylamine, N,N-di-n-bulylelhanolamine and 
trie thyla mine, and the like. 

Completion of a prepolymer formation reaction can be 
confirmed by, for example, sampling an aliquot of the 
reaction mixture and then performing FT-IR spectroscopy, 
integrating spectra obtained until an adequate sensitivity to 
observe deletion of an absorption characteristic of NCO 
group. An equivalent value of free SH group in the prepoly- 
mer obtained can be determined by dissolving a prepolymer 
precisely weighed into an appropriate solvent and then 
titrating it with a standard iodine solution. Its refractive 
index can be determined with, for example, a Abbe re [Tac- 
tometer. 

Component B is at least one (meth)acrylate compound 
having at least 2 functional groups to which the thiol group 
in Component A can be radically added or co-polymerized. 
Here, a radical addition means an addition reaction of a thiol 
with an unsaturated bond of a polyene or (meth)acrylate 
compound; and a radical co-polymerization means an addi- 
tion reaction between unsaturated bonds. 

Specifically Component B may include trirnethylol- 
propane tri(meth)acrylate, tris[(meth)acryloxyetbyl]- 
isocyanurate, pentaerythritol tetra(meth)acrylate, dipen- 
taerythritol hexa(meth)acr>jlaie, l,l,3,3,5,5-hexa[(meth) 
acryloxyjcyclotriphosphazene, 1 ,l,3,3,5,5-hexa[(meth) 
acryloxyethylenedioxyjcyclotriphosphazene, 
neopentylglycol di(meth)acrylate, ethyleneglycol di(meth) 
acrylate, diethyleneglycol di(meth)acrylate, triethylenegly- 
col di(melh)acrylate, tetraethyleneglycol di(metb)acrylate, 
propyleneglycol di(meth)acrylate, 1,3-butanediol di(meth) 
acrylate, 1,4-butanediol di(meth)acrylate, 1,6-hexanediol 
di(meth)acrylate and the compounds represented by the 
following general formula (3). 

Given an overall balance in physical properties, Compo- 
nent B preferably comprises the compound represented by 
the general formula (3): 
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(3) 

Ri O . 

H2C=C— C-40— CH 2 -CH 2 4s-0 R 2 O-f CH 2 -CH 2 -0-h-C— C=CH 2 



wherein R a represents hydrogen atom or methyl group; 10 The template may be a combination of glass-glass, glass- 

R 2 represents — CH Z — , — C(CH 3 )2 — or — S0 2 — ; both plastic plate, glass-metal plate or the like. A gasket can be 
m and n are an integer between 0 and 4; and m+n is 0 selected from the above soft thermoplastic resins, or alter- 
to 4. natively a template consisting of two plates can be fixed with 

Specifically, compounds represented by the general for- a polyester adhesive tape or the like. Furthermore, a lera- 

mula (3) may include 2,2-bis[4-(meth)acryloxyphenyl]- 15 plate may be conducted with a mold releasing treatment, 

propane, 2,2-bis[4-(meih)acryloxyphenyl]methane, 2,2-bis A radical generator in a thermal polymerization, that is, a 

[4-(meth)acryloxyphenyl]sulfone, 2,2-bis[4-(meth)- radical-polymerization initiator, may be selected, without 

acryloxyethoxyphenyl]propane, 2,2-bis[4-(meth) limitations, from known peroxides such as benzoyl 

acryloxyetboxyphenyljmelbane, 2,2-bis[4-(melh) peroxide, p-chlorobenzoyl peroxide, lauroyl peroxide, 

acryloxyethoxyphenyl]sulfone, 2,2-bis[4-(melh) 1Q acetyl peroxide, di-t-butyl peroxide, l,ldi-t-butylperoxy-3, 

acryloxydiethoxyphenyl]-propane, 2,2-bis[4-(meth) 3,5-trimethylcyclohexane, t-butylperoxy pivalate, 

acryloxydiethoxyphenyljmethane and 2,2-bis[4-(meth) t-butylperoxy 2 -c thy lhex a no ate, t-butylperoxy be nzo ate, bis 

acryloxydiethoxypbeoyl]sulfonc. (4-t-butylcyclohexyl)peroxy dicarbonatc, diisopropylperoxy 

Component C may be, without limitations, any compound dicarbonate and l-butylperoxy isopropyl carbonate; and azo 

polymerizable with Components A and B, but given viscos- compounds such as azobisisobutyro-nitrile. One or a mix- 

ity of a monomer and a refractive index of a final resin, is 25 ture of two or more of these compounds are used in a 

preferably divinylbenzene, diisopropenylbenzene, styrenes proportion of 0.005 to 5 parts by weight, preferably 0.01 to 

a ring-substituted styrene, a monofunctiooal (meth)acrylate 3 parts by weight, per 100 parts by weight of a mixture of 

or the like. Specifically, o-diviny lbenzene, Components A, B and C. A temperature and a period for 

m-di vinylbenzene, p-divinylbenze nc, curing via a thermal polymerization may be determined 

m -diisopropenylbenzene, p-diisopropeny lbenzene, styrene, 30 based on a radical-polymerization initiator used, a size of a 

methylstyrene, chlorostyrene, dichlorostyrenee cured product and the like. 

bromostyrene, dibromostyrene, methyl (meth)acrylate, ethyl A radical generator in a photopolymerization with UV 

(meth)acrylate, propyl (meth)acrylate, isopropyl (meth) rays, i.e., a photo-initiator, may be selected, without 

acrylate, cyclohexyl (meth)acrylate, benzyl (meth)acrylate, limitations, from known 4-phenoxydichloroacetophenone, 

phenoxyelhyl (meth)acrylate, glycidyl (meth)acrylate and 35 4-t-butyl-dichloroacetophenone, 4-l-butyl- 

glycidyl allyl ether, more preferably divinylbenzene. trichloroacetophenone, 2,2-diethoxyacetophenone, 

Proportions of Components A B and C cannot be gen- 2-hydroxy-2-methyl-l-phenylpropan-l-one, l-(4- 

erally defined because they may vary depending on their isopropylphenyl)-2-hydroxy-2-methylpropan-l-one, l-(4- 

refractive index and viscosity, various physical properties of dodecylpbenyj)-2-hydroxy-2-methylpropan-l-one, 4-(2- 

a resin obtained, and the like, but it is preferable that 40 hydroxyethoxy)phenyl-(2-hydroxy-2-propyl) ketone, 

Components A, B and C are mixed in proportions of 10 to 1 -hydroxycyclohexylphenyl ketone, 2-methyl-l-[4- 

50% by weight, 35 to 70% by weight, and 5 to 30% by (methylthio)phenyl]-2-morpholino-l-propanone, benzoin, 

weight, preferably 15 to 35% by weight, 45 to 65% by benzoin methyl ether, benzoin ethyl ether, benzoin isopropyl 

weight and 10 to 25% by weight, respectively. ether, benzoin isobulyl ether, benzyl dimethyl ketal, 

An optical resin composition of this invention may 45 benzophenone, benzoy lbenzoic acid, methyl 

contain, if necessary, various additives such as UV benzoylbenzoate, methyl 4-dimethylaminobenzoate, 

absorbents, antioxidants, an ti -yellowing agents, bluing isoamyl p-dimethylaminobenzoate, 4-phenylbenzophenone, 

agents, pigments, dyes, functional coloring materials and hydroxybenzophenone, 4,4 , -diethylaminobenzophenone, 

mold releasing agents to achieve desired physical properties 4-benzoyl-4'-methyIdiphenylsulfide, 3,3'-dimethyl-4- 

or functions, as long as it docs not adversely affect the effects 50 methoxybenzophe none, thioxanthone, 

of this invention. 2-chlorothioxanthone, 2-methylthioxanthone, 2,4- 

An optical resin with a high refractive index of this dimethylthioxanthone, isopropylthioxanthone, 2,4- 

invention can be prepared by polymerizing and curing an dichlorothioxanthone, l-phenyl-l,2-propanedione-2-(o- 

optical resin composition of this invention, and has a refrac- ethoxycarbonyl)oxime, 2,4,6- 

tive index (nd) of at least 1.58. 55 trimethylbenzpyldiphenylphospbine oxide, methyl phenyl 

Curing can be performed by, for example, a casting glyoxalate, benzyl, 9,10-phenanthrequinone, 

polymerization utilizing a known radical polymerization. camp horqui none, dibenzosuberone, 2-ethylanthraquinone, 

Specifically, to an optical resin composition of this invention 4',4"-diethyl-isophthalophenone and 3,3 , ,4,4'-tetra(t- 

is added a radical generator such as a radical-polymerization butylperoxy -carbon yl)benzophe none. One or a mixture of 

initiator, a photo-initiator or the like, and the mixture is well 60 two or more of these compounds are used in a proportion of 

mixed, filtered, adequately de foamed under a reduced pres- 0.005 to 5 parts by weight, preferably 0.01 to 3 parts by 

sure and then poured into a mold to initiate a radical weight, per 100 parts by weight of a mixture of Components 

polymerization. Ag B and C. Furthermore, the above initiator can be con- 

A mold may consist of, for example, two plates of comitantly used with the above radical-polymerization ini- 

mirror-abraded template via a gasket made of polyethylene, 65 lialor. 

ethylene-vinyl acetate co-polymer, polyvinyl chloride, or the In a polymerization with yray, a radical- polymerization 

like. initiator is not needed. 
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At the end of curing, the mold is cooled and then released of a,a,a\aMetramethylxylylenediisocyanate were replaced 

to remove a resin. with 80.7 parts of the letralhiot compound represented by the 

The removed resin may beg if necessary, annealed to above formula (2) (0.220 mol) and 19.3 parts of hydrogc- 

remove internal stress nated MDI (0.074 mol), respectively, to provide a thioure- 

An optical lens of this invention is prepared by polymer- 5 ^ m prepolymer compound (TUPP-2) as a colorless, trans- 

izing and curing an optical resin composition of this inven- parcnl and viscous H id About 5 of lhc prcpol was 

tton as described above, and has a refractive index ( nd ) °f at prccise l y wcighc d, dissolved into 50 ml of chloroform/ 

least 1.58. The lens of this invention may be prepared by m „.u,„„i i .* a j c c 

. ... u r i i. methanol (1/1) solution and quantified for free-mercapto 

casting polymerization using a mold for a lens, or alterna- ™„„ u.. /• *.u 1 xt c . j • j- i . 

lively by abrading a mass of optical resin obtained by ^"P ******* «" h N ° f ***** *>^°*- «° 

polymerization and curing. 10 B' ve a ™lue of 7.3 meq/g. Its refractive index was 1.62. 

For a casting polymerizations at the end of curing, the 
molding may be annealed, if necessary. An optical lens of 

this invention may be, if necessary, subjected to physical or Dibutyltin dichloride (0.1 parts) was added to 78.2 parts 

chemical treatments such as surface abrasion, antistatic of the trithiol compound represented by the above formula 

treatment, hard coating, non-reflection coating and dyeing » (1) (0 30 mol) and dissolvcd To lhc raixture ^ slirri 

treatment, for improvements such as prevention of 20.8 parts of xylylenediisocyanate (0.11 mol) was dropwise 

renection, improvement in Hardness and cosmetic improve- addcd undef 

nitrogen atmosphere at 40° C. over 15 min. f and 

me ihis invention will be more specifically described by the * ! the / nd of ^ lhc reaction f xt ™ was he k atcd to ^ 
following examples, and it is to be understood that this 20 C an * n «** at * c lcm P er ature for 6 "»uis w ^nngto 
invention is not limited to them. The term "part(s)" in the P rov 1 lde , a t°»°"rethane prepolymer compound (TUPP-3) as 
following examples means part(s) by weight. a <»l°rtess. transparent and viscous liquid, whose IR spec- 
Physical properties of resins and lenses in the examples ! rum showe d no absorption from isocyanate groups indicat- 
and the comparative examples were evaluated as described io 6 completion of the reaction. About 5 g of the prepolymer 
below. 25 was precisely weighed, dissolved ioto 50 ml of chloroform/ 

(1) Transparency (Tr.): this was visually observed, and methanol (1/1) solution and quantified for free mercapto 
one without color, turbidity or strain was rated to S^up by titration with 1 N of standard iodine solution, to 
"good". S» ve a value of 6.9 meq/g. Its refractive index was 1.64. 

(2) Refractive index (R.I.), Abbe number (A.N.): this was EXAMPLE 4 
determined with a Pu If rich refractometer although a 30 

refractive index of a prepolymer was determined by a The procedure as described in Example 3 was conducted, 

Abbe refractometer. except that 78.2 parts of the trithiol compound and 20.8 parts 

(3) Impact resistance (I.R.): a lens with a center thickness of xylylenediisocyanate were replaced with 76.5 parts of the 
of 1 .5 mm was subject to a dropping-ball test using a tetrathiol compound represented by the above formula (2) 
67 g of steel bail (according to the FDA standards), and 35 (0.21 mol) and 23.5 parts of hydrogenated MDI (0.09 mol), 
was rated to "O" if passed or "x" if not passed. respectively, to provide a thioure thane prepolymer com- 

(4) Thermal resistance (T.R.): TMA was determined by a pound (TUPP-4) as a colorless, transparent and viscous 
penetrating method, and a resin/lens with a deformation liquid. About 5 g of the prepolymer was precisely weighed, 
temperature of below 80° C. or higher than 80° C. was dissolved into 50 ml of chloroform/met hanol (1/1) solution 
rated to "x" or *'CT, respectively. 40 a °d quantified for free mercapto group by titration with 1 N 

(5) Tintability (T.A.): a resin/lens was dyed together with of standard iodine solution, to give a value of 6.6 meq/g. Its 
a diethyleneglycol bisallylcarbonate resin as a control refractive index was 1.62. 

in a dyeing bath, and was rated to *'0" if dyed equal to 

or more than the control, or "x" if less than the control. PREPARATION EXAMPLE 1 

45 

EXAMPLE 1 The procedure as described in Example 1 was conducted, 

To 78.1 parts of the trithiol compound represented by the " Cept lh . al J 81 P"*"^ '"thiol compound and 21 .9 parts 

above formula (1) (0.300 mol) were added 21.9 parts of of -"=«™niethylxylyle D ediisocyanate were replaced 

a.a.a'.a'-tetramethylxylylenediisocyanate (0.090 mol) and mlb , ° f V"****™* tetratasmercaptopropi- 

mixed. to which with stirring, 0.1 parts of N,N- 50 ^« (0181 mol) and 11.4 parts of xylylened.KocyaDate 

dimethylcyclohexylamine was added under nitrogen atmo- (0 061 mol >' pr0Vlde , 8 ! hlou f hane P^P 01 *; 

sphere at 40* C, and then the mixture was mixed. mer ""P 0 ™* <T UPP ; 5 > « » co,oriess > ^parent. 

t. ,. ._ . ... ,.»^ » viscous liquid. About 5 g of the prepolymer was precisely 

The reaction mixture was heated to 60 C. and reacted at • i_ j !!• ■ j • . ■ » ui / . \ 

... , ri,. ™ weighed, dissolved into 50 ml of chloroform/methanol (1/1) 

the temperature for 6 hours with stirring to provide a • j .•«• . , c . u •. .• 

,.- .1 i j 25.™ .» solution and quantified for free mercapto group by titration 

thiourethane prepolymer compound (TUPP-1) as a 55 with j N of staodard iodiDe solution, to give a value of 6.0 

colorless.transparentandvLscoushqu.d, whose IRspectrum m ^ ,„ refractivc ^ was 158 
showed absorption from isocyanate group, indicating 

completion of the reaction. About 5 g of the prepolymer was PREPARATION EXAMPLE 0 
precisely weighed, dissolved into 50 ml of chloroform/ 

methanol (1/1) solution and quantified for free mercapto 60 The procedure as described in Example 3 was conducted, 

group by titration with 1 N of standard iodine solution, to except that 78.2 parts of the trithiol compound was replaced 

give a value of 7.2 meq (milli equivalent)/g. with 86.7 parts of peotaerythritol tetrakis 

A refractive index of this prepolymer compound was 1.63. (mercaptopropionate) (0.18 mol) and the amount of 

EXAMPI F 1 xylylenediisocyanate was changed from 20.8 parts to 13.4 

65 parts (0.07 mol), lo provide a thiourethane prepolymer 

The procedure as described in Example 1 was conducted, compound (TUPP-6) as a colorless, transparent and viscous 

except that 78. 1 parts of the trithiol compound and 21 .9 parts liquid. About 5 g of the prepolymer was precisely weighed, 
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dissolved into 50 ml of cbloroform/roethanol (1/1) solution 
and quantified for free mercaplo group by titration with 1 N 
of standard iodine solution, to give a value of 5.8 mcq/g. Its 
refractive index was 1.58. 

EXAMPLE 5 

First, 20.0 parts of the thiourethane pre polymer com- 
pound from Example 1 (TUPP-1), 45.0 parts of 2,2-bis(4- 
acryloxydiethoxypheoyl)me thane, 15.0 parts of trimethylol- 
propane Irimethacrylate and 20.0 parts of divinylbenzene 
were adequately mixed and then to the mixture were added 
0.2 parts of bis(4-t-butylcyclohexyl)peroxy dicarbonate and 
0.2 parts of t-butylperoxy-2-ethylhexanoate as radical- 
polymerization initiators. The mixture was mixed and 
defoamed to provide an optical resin composition. The 
composition was poured into a concave-lens mold with an 
outer diameter of 80 mm, a center thickness of 1.5 mm and 
a edge thickness of 10 mm consisting of glass templates and 
a gasket; and cured by raising its temperature from 50° C. to 
130° C. over 3 hours, and then at 130° C. for 1 hour. 

After cooling to room temperature, the lens was released 
from the glass template to provide a colorless and transpar- 
ent concave lens. The measured physical properties of this 
tens are shown in Table 1. 

EXAMPLE 6 

First, 30.0 parts of the thiourethane prepolymer com- 
pound from Example 2 (TUPP-2), 20.0 parts of 2,2-bis(4- 
cryloxydiethoxyphenyl)propane, 30.0 parts of tris 
(acrylxyethyl) isocyanurate and 20.0 parts of divinylbenzene 
were adequately mixed and then to the mixture were added 
0.2 parts of bis(4-t-butylcyclohexyl)peroxy dicarbonate and 
0.2 parts of t-butylperoxy-2-ethylhexanoate as radical- 
polymerization initiators. The mixture was mixed and 
defoamed to provide an optical resin composition. The 
composition was cured as described in Example 5, to 
provide a colorless and transparent concave lens. The mea- 
sured physical properties of this lens are shown in Table 1. 

EXAMPLE 7 

First, 20.0 parts of the thiourethane prepolymer com- 
pound from Example 1 (TUPP-1), 45.0 parts of 2,2-bis(4- 
acryloxydiethoxyphenyl)methane, 15.0 parts of triethyl- 
eneglycol diacrylale and 20.0 parts of divinylbenzene were 
adequately mixed and then to the mixture were added 0.2 
parts of lauroyl peroxide and 0.2 parts of t-butylperoxy-2- 
ethylhexanoate as radical -polymerization initiators. The 
mixture was then mixed and defoamed to provide an optical 
resin composition. 

The composition was cured as described in Example 5, to 
provide a colorless and transparent concave lens. The mea- 
sured physical properties of this lens are shown in Table 1. 

EXAMPLE 8 

First, 32.0 parts of the thiourethane prepolymer com- 
pound from Example 3 (TUPP-3), 58.0 parts of tris 
(acryloyloxyethyl) isocyanurate and 10.0 parts of divinyl- 
benzene were adequately mixed and then to the mixture was 
added 0.04 parts of 2-hydroxy-2-metbyl-l-phenylpropan-l- 
one as a photo-initiator. The mixture was then mixed and 
defoamed to provide an optical resin composition. 

The composition was poured into a concave-lens mold 
with an outer diameter of 80 mm, a center thickness of 1.5 
mm and an edge thickness of 10 mm consisting of two glass 
templates and a polyester adhesive tape; and cured by 
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radiating with light of a high-pressure mercury lamp (80 
W/cm) from a distance of 15 cm for 5 minutes. 

After cooling to room temperatures the adhesive tape was 
removed and a product was released from the glass template 
to provide a colorless and transparent concave lens. The 
measured physical properties of this lens are shown in Table 
1. 

EXAMPLE 9 

) 

First, 33.0 parts of the thiourethane prepolymer com- 
pound from Example 3 (TUPP-3), 57.0 parts of iris 
(acryloyloxyethyl) isocyanurate, 5.0 parts of ethylencglycol 
dimethacrylatc and 5.0 parts of divinylbenzene were 
; adequately mixed and then to the mixture was added 0.04 
parts of 2-hydroxy-2-melhyl-l-phenylpropan-l-one as a 
photo-initiator. The mixture was then mixed and defoamed 
to provide an optical resin composition. 

The composition was cured as described in Example 8 to 
20 provide a colorless and transparent concave lens. The mea- 
sured physical properties of this lens are shown in Table 1. 

EXAMPLE 10 

First, 45.0 parts of the thiourethane prepolymer cora- 
25 pound from Example 4 (TUPP-4), 35.0 parts of trimethylol 
propanelriacrylate and 20.0 parts of divinylbenzene were 
adequately mixed and then to the mixture was added 0.04 
parts of 2-hydroxy-2-methyl-l-phenylpropan-l-one as a 
photo-initiator. The mixture was then mixed and defoamed 
30 to provide an optical resin composition. 

The composition was cured as described in Example 8 to 
provide a colorless and transparent concave lens. The mea- 
sured physical properties of this lens are shown in Table 1. 

35 EXAMPLE 11 

First, 20.0 parts-of the thiourethane prepolymer com- 
pound from Example 3 (TUPP-3), 45.0 parts of 2,2-bis(4- 
acryloxydiethoxyphenyI)methane, 15.0 parts of ethyleneg- 

40 lycol dimethacrylate and 20.0 parts of divinylbenzene were 
adequately mixed and then to the mixture was added 0.10 
parts of 2-hydroxy-2-raethyl-l-phenylpropan-l-one as a 
photo- initiator. The mixture was then mixed and defoamed 
to provide an optical resin composition. 

45 The composition was cured as described in Example 8 to 
provide a colorless and transparent concave lens. The mea- 
sured physical properties of this lens are shown in Table 1. 

COMPARATIVE EXAMPLE 1 

First, 30.0 parts of the thiourethane prepolymer com- 
pound from Preparation Example 1 (TUPP-5), 20.0 parts of 
2,2-bis(4-acryloxydiethoxypbenyl)propane, 30.0 parts of 
tris(acryloxyethyl) isocyanurate and 20.0 parts of divinyl- 

55 benzene were adequately mixed and then to the mixture 
were added 0.2 parts of bis(4-t-butylcyclohexyl)-peroxy 
dicarbonate and 0.2 parts of t-butylperoxy-2-ethylhexanoate 
as radical-polymerization initiators. The mixture was mixed 
and defoamed to provide an optical resin composition. 

60 The composition was cured as described in Example 5, to 
provide a colorless and transparent concave lens. The mea- 
sured physical properties of this lens are shown in Table 2. 

COMPARATIVE EXAMPLE 2 

65 The curing procedure as described in Example 5 was 
conducted, except that 20.0 parts of the thiourethane pre- 
polymer compound from Example 1 (TUPP-1) was replaced 
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with 20.0 parts of the trithiol compound represented by the 
above formula (1), to provide a colorless and transparent 
concave lens. 

The measured physical properties of this lens are shown 
in Table 2. s 

COMPARATIVE EXAMPLE 3 

First, 15.6 parts of the trithiol compound represented by 
the above formula (1) (0.06 mol) rather than 20.0 parts of the JQ 
tbiourethane prepolymer compound from Example 1 
(TUPP-1), 4.4 parts of a,a,a\a'- 
tetramelhylxylylencdiisocyanate (0.018 mol), 45.0 parts of 
2,2-bis(4-acryloxydiethoxyphcnyl)methane, 15.0 parts of 
trimethylolpropane trimethacrylate and 20.0 parts of divi- 5 
nylbenzene were adequately mixed and then to the mixture 
were added 0.2 parts of bis(4-t-butylcyclohexyl)-peroxy 
dicarbonate and 0.2 parts of t-bulylperoxy-2-ethylhexanoate 
as radical-polymerization initiators; 0.03 parts of dibutyltin 
dichloride as a catalyst for an urethane-forming reaction; 2Q 
and 0.1 parts of acidic dioctyl phosphate as an internal mold 
releasing agent. The mixture was then mixed and defoamed. 

The resulting composition was cured as described in 
Example 5, to provide a colorless and transparent concave 
lens. The measured physical properties of this lens are >2 5 
shown in Table 2. 

COMPARATIVE EXAMPLE 4 

First, 45.0 parts of the thiourethane prepolymer com- 
pound from Preparation Example 2 (TUPP-6), 35.0 parts of 30 
trimethylol propane trimethacrylate and 20.0 parts of divi- 
nylbenzenc were adequately mixed and then to the mixture 
were added 0.04 parts of 2-hydroxy-2-methyl-l- 
phenylpropan-l-one as a photo- initiator. The mixture was 
then mixed and defoamed to provide an optical resin com- 
position. 

The composition was cured as described in Example 8, to 
provide a colorless and transparent concave lens. The mea- 
sured physical properties of this lens are shown in Table 2. ^ 

COMPARATIVE EXAMPLE 5 

The curing procedure as described in Example 8 was 
conducted, except that 32.0 parts of the thiourethane pre- 
polymer compound from Example 3 (TUPP-3) was replaced 45 
with 32.0 parts of the trithiol compound represented by the 
above formula (1), to provide a colorless and transparent 
concave lens. 

The measured physical properties of this lens are shown 
in Table 2. 50 

COMPARATIVE EXAMPLE 6 

First, 30.0 parts of the thiourethane prepolymer com- 
pound from Example 3 (TUPP-3) and 70.0 parts of 2,2-bis 
[4-(methacryloyloxydiethoxy)phenyl]propane were 
adequately mixed and then to the mixture were added 0.04 
parts of 2-hydroxy-2-methyl-l-phenylpropan-l-one as a 
photo-initiator The mixture was then mixed and defoamed. 

The composition was cured as described in Example 8, 
the adhesive tape was removed and the mold was cooled 
with water, but a resin formed was not released due to its 
rubbery property - 

COMPARATIVE EXAMPLE 7 

First, 26.1 parts of the trithiol compound represented by 
the above formula (1), 6.9 parts of xylylenediisocyanate, 



57.0 parts of tris(acryloyloxyetbyl) isocyanurate, 5.0 parts of 
ethyleneglycol dimethacrylate and 5.0 parts of divinylben- 
zene were adequately mixed and then to the mixture were 
added 0.04 parts of 2-hydroxy-2-methyl-l-phcnyIpropan-l- 
one as a photo-initiator; 0.03 parts of dibutyltin dichloride as 
a catalyst for an urethane-forming reaction; and 0.1 parts of 
acidic dioctyl phosphate as an internal mold releasing agent. 
The mixture was then mixed and defoamed. 

The resulting composition was cured as described in 
Example 8, then the adhesive tape was removed, and a lens 
formed was released by wedging. The surface of the lens 
was still soft. 

The measured physical properties of this lens are shown 
in Table 2. 

TABLE 1 





Tr. 


R.I. 


A.N. 


I.R. 


T.R. 


T.A. 


Example 5 


Good 


1.590 


35.3 


o 


0 


o 


Example 6 


Good 


1.598 


36.1 


0 


0 


0 


Example 7 


Good 


1.588 


35.3 


0 


0 


0 


Example 8 


Good 


1.592 


38.5 


0 


0 


o 


Example 9 


Good 


1.587 


40.5 


0 


o 


0 


Example 10 


Good 


1.601 


38.1 


0 


o 


0 


Example 11 


Good 


1.590 


35.8 


0 


o 


0 


TABLE 2 




Tr. 


R.I. 


A.N. 


t.R. 


T.R. 


T.A. 


Com. Ex. 1 


Good 


1.573 


37.0 


o 


o 


0 


Com. Ex. 2 


Good 


1.593 


36.5 


0 


X 


0 


Com. Ex. 3 


Striae 


1.591 


35.4 


0 


X 


0 


Com. Ex. 4 


Good 


1.563 


41.7 


0 


0 


0 


Com. Ex. 5 


Good 


1.594 


40.5 


0 


X 


0 


Com. Ex. 7 


Good 


1.585 


40.8 


X 


X 


0 
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Description of Table 1 and 2 

The resin of Comparative Example 1 prepared by thermal 
polymerization using the prepolymer made from the thio- 
carboxylate type of thiol has an unsatisfactory refractive 
index lower than that of a resin of this invention. The 
resin-of Comparative Example 2 prepared by thermal poly- 
merization using the trithiol compound without prepolymer- 
ization has an insufficient thermal resistance. The resin of 
Comparative Example 3 prepared by thermal polymeriza- 
tion of simultaneous reaction of the isocyanate, thiol and 
polyene compounds shows striae and has an insufficient 
thermal resistance. 

The resins of Comparative Examples 4 to 7 gave similar 
results. Specifically, the resin of Comparative Example 4 has 
an unsatisfactorily low refractive index; the resin of Com- 
parative Example 5 has an insufficient thermal resistance; 
and the resin of Comparative Example 7 was not fully cured 
and has insufficient impact and thermal resistance. 

What is claimed is: 

1. An optical resin compositions comprising: 

Component A: a thiourethane prepolymer compound pre- 
pared by reacting a poly thiol compound having at least 
3 raercapto groups and an intramolecular sulfide bond, 
with a polyisocyanate compound w a molar ratio of 
—SH to — NCO ranging from 30 to 7.0; 

Component B: at least one (meth)acrylate compound 
having at least 2 (metb)acrylate groups; and 

Component C: a compound radically polymerizable with 
Components A and B; 
in 10 to 50% by weight, 35 to 70% by weight, and 5 to 30% 
by weight, respectively. 
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2. An optical resin composition according to claim 1, 
wherein the poly thiol compound contained in Component A 
is represented by the following formula (1) or (2): 



CH 2 — SCH2CH2SH 
CH — SCHjCHjSH 
CH 2 — SH 



HSH2C CHaSH 
I ISH2CH2CS — HC OI — SCH2Q I 2 SR 

HjC — S — CH 2 



CD 



(2) 



groups and an intramolecular sulfide bond with a polyiso- 
cyanate compound in a molar ratio of — SH/ — NCO ranging 
from 3.0 to 7.0. 



14. A thiourethane prepolyracr compound according to 
claim 13, wherein the poly thiol compound is represented by 
the following formula (1) or (2): 



(i) 



CH 2 — SCH2CH2SH 
CH — SCHjCHjSH 
CH 3 — SH 



3. An optical resin composition according to claim 1, 
wherein Component B comprises a compound represented 
by the following general formula (3): 



HzC = 



(3) 



— C-fO— CH 2 -CH 2 ^rO ^ R2 ~^ O-f CH 3 -CH 2 - 



-O-h-C— C=CH 2 
O R. 



wherein R l represents hydrogen atom or methyl group; R 2 
represents — CH 2 — , — C(CH 3 ) 2 — or — S0 2 — ; both m and 
n are an integer between 0 and 4; and m+n is 0 to 4. 

4. An optical resin composition according to claim 1, 
wherein Component C is selected from the group consisting 35 
of divinylbenzene, diisopropenylbenzene, styrene, ring- 
substituted styrencs and mo no functional (meth)acrylate 
compounds. 

5. An optical resin with a high refractive index prepared 
by polymerizing and curing a composition according to 
claim 1 a whose refractive index (nd) is at least 1 .58. 40 

6. An optical resin with a high refractive index prepared 
by polymerizing and curing a composition according to 
claim 2, whose refractive index (nd) is at least 1.58. 

7. An optical resin with a high refractive index prepared 
by polymerizing and curing a composition according to 45 
claim 3, whose refractive index (nd) is at least 1.58. 

8. An optical resin with a high refractive index prepared 
by polymerizing and curing a composition according to 
claim 4, whose refractive index (nd) is at least 1.58. 

9. A preparation process of an optical resin with a high so 
refractive index whose refractive index (nd) is at least 1.58, 
comprising polymerizing and curing a composition accord- 
ing to claim 1 by photopolymerization with ultraviolet rays. 

10. A preparation process of an optical resin with a high 
refractive index whose refractive index (nd) is at least 1.58, 55 
comprising polymerizing and curing a composition accord- 
ing to claim 2 by photopolymerization with ultraviolet rays. 

11. A preparation process of an optical resin with a high 
refractive index whose refractive index (nd) is at least 1.58, 
comprising polymerizing and curing a composition accord- 60 
ing to claim 3 by photopolymerization with ultraviolet rays. 

12. A preparation process of an optical resin with a high 
refractive index whose refractive index (nd) is at least 1.58, 
comprising polymerizing and curing a composition accord- 
ing to claim 4 by photopolymerization with ultraviolet rays. 65 

13. A thiourethane prepolymer compound prepared by 
reacting a poly thiol compound having at least 3 mercapto 



-continued 

(2) 

HSH 2 C CH2SH 
HSHjCHjCS — HC CH — SCH 2 CH 2 SH. 

H2C — S — CH 2 

15. A thiourethane prepolymer compound according to 
claim 13, wherein the polyisocyanate compound is at least 
one compound selected from the group consisting of a,a» 
a^a'-tetramclhylxylylenediisocyanate, 
xylylenediisocyanate, hydrogenated MDI and norbornendi- 
isocyanate. 

* * * * * 



